Two types of extracellular acid phosphatases are synthesized by Aspergillusficuum NRRL 3135: a nonspecific orthophosphoric monoester phosphohydrolase (EC 3.1.3.2) with an optimum pH of 2.0, and an enzyme with restricted specificity, a mesoinositol-hexaphosphate phosphohydrolase (EC 3.1.3.8; phytase) with an optimum pH of 5.5. Although the pH 5.5 enzyme is termed a phytase, both enzymes hydrolyze phytin. Synthesis of the enzymes is repressed by high orthophosphate concentrations in the fermentation medium. The highest total level for each enzyme is synthesized in low orthophosphate medium. In high orthophosphate medium, more pH 5.5 enzyme is produced than pH 2.0 enzyme. In low orthophosphate medium, more pH 5.5 enzyme is produced than pH 2.0 enzyme during the early stages of growth, but the reverse occurs after 5 days. The enzymes are differentiated by heat denaturation at acid and alkaline pH levels. They are separated into two distinct fractions on Sephadex G-100 followed by carboxymethylcellulose column chromatography. This indicates that the two enzymes are structurally different. The Km for both enzymes is 1.25 mm when calcium phytate is the substrate. Orthophosphate competitively inhibits the pH 2.0 (Ki = 1.1 X 10-2 M) but not the pH 5.5 phosphatase. Neither enzyme is denatured by 50% (w/v) urea or inhibited by 0.01 M tartrate. Thus, they differ from human prostatic phosphatase.
phosphatase. Neither enzyme is denatured by 50% (w/v) urea or inhibited by 0.01 M tartrate. Thus, they differ from human prostatic phosphatase.
The properties of various types of acid phosphomonoesterases obtained from various sources have been described and classified (9) . We have been interested in the type of acid phosphatase which hydrolyzes phytate to inositol and inorganic orthophosphate (Pi; reference 10; J. H. Ware and T. R. Shieh, U.S. Pat. No. 3, 297, 548) . Phytases present in plants and microorganisms have been reviewed (11) .
Although certain enzymes have been called phytases, they are fairly nonspecific. They hydrolyze some of the organic phosphates more rapidly than they do phytin. Wheat germ phytase is a good example (7) .
The control of acid phosphatase synthesis by the concentration of inorganic phosphate in the medium has been reported for the extracellular enzymes of Aspergillus ficuum (10; Ware and Shieh, U.S. Pat. No. 3,297,548) and A. awamori var. kawachii (8) . The type and amount of phosphatase synthesized is dependent on the concentration of inorganic phosphate in the medium (1) (2) (3) 8 containing 107 to 2 X 107 spores/ml was made from the above with 0.1% (w/v) sodium laurate. A portion (0.5 ml) of this spore suspension was used to inoculate 50 ml of autoclaved fermentation medium described in Fig. 1 of Shieh and Ware (10) . The same medium was used throughout, except that the inorganic phosphate calculated as phosphorus (Pi) was varied where indicated. The cultures were incubated on a rotary shaker (270 rev/min) at 28 C.
Materials. All chemicals were reagent grade unless otherwise specified. The various substrates were from Nutritional Biochemicals Corp., Cleveland, Ohio.
Calcium phytate was purified free of Pi (10) .
Buffers. The 0.2 M buffers for the pH optimum experiments were as follows: hydrochloride-water (pH I to 1.5), glycine-hydrochloride (pH 2 to 3.5), sodium acetate-chloride (pH 4.0 to 5.5), sodium succinatechloride (pH 4.5 to 6.0) and imidazole-chloride (pH 6.3 to 7.6).
Measurement of enzyme activity. Phosphatase activity was assayed by following the release of orthophosphate. The reaction was initiated by adding 0.1 ml of suitably diluted enzyme preparation to 0.9 ml of each of the 0.2 M buffers containing 2.5 ;umole of purified calcium phytate. The reaction mixture was incubated for 5 to 20 min at 37.5 C. Liberated Pi was determined by the method of Fiske and SubbaRow (4). One phytase activity unit was defined as the amount of enzyme that liberates 1 /Amole of Pi/min at 37.5 C. Phosphatase activity was proportional to time of incubation and enzyme concentration during the incubation period.
Separation of the acid phosphatases. Cell-free culture filtrate (1,260 ml) was concentrated by lyophilization, suspended to 380 ml with water, and dialyzed overnight in cellophane at 28 C. The dialyzed sample was applied to a column of Sephadex (8 by 40 cm; G-100 Pharmacia) previously equilibrated with 0.05 M NaCl. The enzymes were eluted with 0.1 M NaCI by use of a Gilson Medical Electronics drop fraction collector; 10-ml fractions were collected. Two entities (I and II) were partially separated on Sephadex G-100. The material in the tubes representing fraction It was combined and lyophilized. The resultant 50 mg of material was dissolved in 50 ml of water and dialyzed overnight in cellophane against running water at 28 C. The dialyzed sample was applied to a column of carboxymethylcellulose (1.5 by 50 cm; BioRad cellex-CM) previously equilibrated with 0.05 M glycinechloride buffer (pH 3.0). After adsorption of the protein, the column was washed with 50 ml of water. Elution was stepwise with 30 ml each of glycine-hydrochloride (pH 8.5) buffer of the following concentrations in the order used: 0.05, 0.10, 0.15, 0.20, 0.30, and 0.40 M. Fractions (2.5 ml) were collected as above.
RESULTS
Effect of pH on acid phosphatase activity. The crude phosphatase in the culture filtrate of A. ficuum had two pH optima (Fig. 1) when propagated in the low (2 mg of Pi/100 ml)-phosphate me4ium described by Shieh and Ware (10) . When phytate was used as the substrate, the pH optima were at 2.0 and 5.5. The pH optima were the same (Fig. 2) when the organism was propagated in high (20 mg of Pi/100 ml)-phosphate medium. However, the relative amounts of pH 2.0 and pH 5.5 activity differed and were dependent on the Pi concentration in the culture medium.
Differential denaturation of the acid phosphatases by heat. The phosphatase activity with a pH optimum of 5.5 was completely denatured by heat (70 C) in 5 min at pH 3.0 (Fig. 1) Effect of Pi in the medium and time on the synthesis of acid phosphatases. High (20 mg/100 ml) concentrations of Pi in the medium repress the synthesis of the pH 2.0 and the pH 5.5 acid phosphatases (Fig. 3) . However, the ratio of the pH 2.0 enzyme to the pH 5.5 enzyme is less in high Pi medium than in low Pi medium. Higher concentrations of the pH 5.5 enzyme are present early in the fermentation. As the phosphorus concentration in the medium is increased, the ratio of the pH 2.0 to pH 5.5 phosphatase decreases (Fig. 4) . Highest concentrations of both the pH 2.0 and pH 5.5 enzymes are synthesized in low Pi medium.
Therefore, both enzymes are repressed by the presence of Pi.
Separation of the acid phosphatases. The crude culture filtrate of A. ficuum containing the acid phosphatases was dialyzed, lyophilized, and subjected to molecular sieve chromatography on Sephadex G-100. Two peaks, I and II, were distinguishable but not adequately separated (Fig.  5) . Peak I contained a high proportion of the pH 2.0 phosphatase and peak II contained a high proportion of the pH 5.5 phosphatase. The fractions comprising peak II were combined and lyophilized. The resultant 50 mg of material was dialyzed and subjected to carboxymethylcellulose chromatography. Two fractions were separated (Fig. 6) . The material eluted first contained the acid phosphatase which was active only at pH 2.0. The slow-moving material had activity at both pH 2.0 and 5.5. This is not surprising, since the pH 5.5 enzyme has a broad pH optimum and has some activity at pH 2.0.
Initial velocity patterns for saturation by substrate. Typical Lineweaver-Burk plots (6) for the These data preclude the possibility that they are isozymes.
The total amount of phosphatases synthesized is dependent upon the initial Pi concentration in the medium; and high Pi levels repress acid phosphatase synthesis (10) . The concentration of Pi in the medium not only controls the total amount of acid phosphatase synthesized but it also controls which particular acid phosphatase is synthesized ( Fig. 3 and 4) . Our studies agree with those of Ohta et al. (8) who described differences in phosphatase levels of five chromatographic peaks whose concentration and appearance was dependent on the Pi in the medium and the age of the culture. Since the concentration of Pi affects the ratio of the two phosphatases synthesized and since these phosphatases are not isozymes, different genes must be responsible for the synthesis of the pH 2.0 and the pH 5. in this report is the only phosphatase tested with a number of organic phosphates which hydrolyzes phytate at a faster rate than any of the common substrates usually tested (Table 1 ). The phytase described in this report might be useful as an analytical enzyme for the determination of phytate phosphorus in natural products.
